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•  The	over-arching	goal	of	our	project	is	to	develop	CORHEL-CG,	a	user-
friendly	tool	for	simulaPng	CMEs	in	realisPc	coronal/solar	wind	soluPons.	
–  Build	around	exisPng	coronal	and	solar	wind	models	(MAS/CORHEL).	
–  Use	modern	methods	for	simulaPng	CMEs	(thermo-MHD	+	TDm	Flux-rope	model).	
–  Interface	for	construcPng	accurate	CME	simulaPons	(TDm	Designer).	[THIS	TALK]	
–  Designed	with	operaPonal	and	scienPfic	contexts	in	mind.	Deliver	to	AFRL	and	CCMC.	

–  The	TDm	Designer	interface	is	a	major	component	of	this	framework.	

Overview	of	CORHEL-CG	

Supported	by	AFOSR	BRI	program	
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•  RealisPc	coronal	CME	simulaPons,	parPcularly	case-studies	of	observed	events,	are	
primarily	performed	by	experts	and	can	be	very	manpower	intensive.	

TDm	Designer	Philosophy:	Facilitate	Use		

CME	EvoluPon	 EUV	waves	 Coronal	Dimming	
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•  RealisPc	coronal	CME	simulaPons,	parPcularly	case-studies	of	observed	events,	are	
primarily	performed	by	experts	and	can	be	very	Pme	consuming.	

•  Exper9se:	To	do	a	“realisPc”	sun-to-earth	CME	simulaPon	need	familiarity	with:	
–  ObservaPons	that	feed	the	models	(magnetograms,	EUV	and/or	white	light	images).	
–  Energized	magnePc	field	models	(flux-ropes	or	boundary	driving).	
–  Sun-to-earth	plasma	environment,	coronal	heaPng	/	solar	wind	models.	
–  In	situ	plasma/parPcle	measurements.	

•  Time:	Time	and	effort	required	to	build	runs	can	be	a	major	hurdle.	
–  Complex	modeling	framework	implies	Pme	to	install	and	familiarize	self	with	tools.	
–  Human	hours	required	to	set	up	and	analyze	science	quality	runs	can	far	exceed	the	model	run	Pme.	

•  FacilitaPng	model	use	can	lead	to	beger	opera9ons	and	science!	
–  Model	Experts:	Having	beger	ways	to	rapidly	protype	and	test	ideas	can	save	me	a	lot	of	Pme!	
–  Scien9st	Community:	If	we	want	the	broader	community	to	use	our	model,	we	can’t	expect	them	to	

become	familiar	with	all	aspects.	
–  Opera9ons:	A	model	interface	useable	by	non-modeling	experts	is	needed	for	operaPons.	
–  Everyone:	Canned,	automaPc	visualizaPons	are	a	great	way	to	sij	through	runs.	Get	around	big-data	

problems	and	analysis	complexity/Pme	overhead	(but	they	must	be	useful	and	informaPve!).	

	

TDm	Designer	Philosophy:	Facilitate	Use		



TDm	Designer	in	CORHEL-CG	

•  asfasd	

Run Visualization and AnalysisObservational Validation

AR	and/or	CME	ObservaPon	

User	Interface	to	Setup	SimulaPons.	
AutomaPc	VisualizaPons	



•  The	TDm	interface	is	built	as	a	standalone	web	app	using	django/python.	
•  The	web	server	uses	a	combinaPon	of	CORHEL/MAS	tools	and	python	

scripts	to	process	the	interface	tasks	and	build	a	CORHEL/MAS	run.	
•  The	user	only	needs	a	web	browser,	no	local	sojware	installaPon	

necessary.	
•  The	simulaPons	can	be	automaPcally	run	on	a	remote	compute	machine	

or	downloaded	for	later	use	by	the	user.	

Web	Server	

Web	
Browser	

Compute	
Machine	

Sojware	Design	



Main Flowchart V3
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GUI Elements

Plot Magnetogram/Observations NL: Select Neutral Line Select Flux Rope Parameters

Plot contours of Br=0

User selects subset of contours

Plot Full Range

User selects zoomed region

Selected segment determined and 
saved

Sliders adjust TDM params

Plot MAS Results

Plot run histories 

Visual renders Field Lines

Axis labels + Colorbar Desireable

Overlay Rope skeleton on:

Bp plot with rope projection

Magnetogram with footpoints

Under the Hood

Obtain Magnetogram/Observations get_bp: Slice 3D B, Project Along 
NL 

run slice (ZM tool) on NL segment

Plot B poloidal (field perp to NL)

User specifies date or CR

Download LOS mag or CR synmap

Convert to p, t map for user

Run MAS with FR selection

Run ZB MAS

Obtain 3D B solution (POT3D/MAS)

Pot3d run, new mesh for AR

Or remesh pre-existing CORHEL 
run 

Diffuse the magnetogram with 
custom mesh based visc profile

Automatically determine mesh for 
AR Region

Short run, 0.2-0.5 Alfvén times

Ideally we can optimize for desktop

Interface	Flowchart	



•  A	month	before	the	2017	total	solar	eclipse,	as	a	large	
sunspot	transited	the	disk,	an	M2	flare	and	CME	occurred.	
–  Was	reasonably	sized	for	this	phase	of	the	cycle.	
–  7/14/2017	~01:00	UT	– a	new	“BasPlle	Day”	Event.	
–  AR2665,	near	the	west	limb	at	the	Pme	of	the	erupPon.	
–  CME	hit	Earth	~2	days	later,	producing	G2	storm.	

An	Example:		7/14/2017	

SDO	HMI	Magnetogram	 SDO	AIA	193	 SOHO	LASCO	C3	



Let’s	InvesPgate	with	TDM	Designer!	





















•  Interface	Archive	(*.in.tar)	
–  Contains	all	parameters	chosen	in	the	interface	session	and	the	input	

magnePc	map.	
–  The	archive	can	be	loaded	by	the	interface.	Used	to	repeat/modify	a	

previous	session.	

•  Files	for	a	zero-β	MAS/CORHEL	Run	(*.zb.tar)	
–  Contains	all	files	necessary	for	a	CORHEL-CG	zero-beta	run.	
–  Run	parameters	(ifile).	
–  2D	Br		map	+	3D	density/viscosity	files.	
–  ViSiT	macro	file	tailored	for	the	run.	

Interface	Outputs	



•  Use	an	automated	script	to	generate	diagnosPcs	directly	from	the	raw	run	
results	on	the	compute	machine	(no	need	to	transfer	data).	

•  History	plots	are	generated	with	R	scripts.	

•  Movies	are	generated	using	ViSiT:	
–  The	run-specific	python	macro	is	called	by	ViSiT	in	batch	mode	from	command	line.	
–  With	a	general	macro	developed,	it	is	easy	to	add/modify	visualizaPons	for	new/

different	applicaPons.	

•  Everything	combined	into	single	folder	with	.html	file.	
–  Everything	viewable	in	a	web	browser!	Locally	or	remotely.	

•  Browsing	results	from	several	runs	is	as	easy	as	switching	browser	tabs.	

Post-Processing	the	Result	



Run	VisualizaPon	Page	



Run	VisualizaPon	Page	



Run	VisualizaPon	Page	



Run	VisualizaPon	Page	
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Run	VisualizaPon:	Stable	Case	(Bp	frac	0.6)	



Run	VisualizaPon:	Stable	Case	(Bp	frac	0.6)	

•  Now:	Easy	to	qualitaPvely	compare	to	readily	available	data.	
•  Future:	Leverage	Helioviewer	API	to	automaPcally	get	images	and	make	

co-aligned	comparisons.	

SDO	AIA	193	(from	jHelioviewer)	 TDm	Top	Down	view	



Is
om

et
ric
	V
ie
w
	

Si
de

	V
ie
w
	

|J|	/	|B|			[1/R
s ]	

Radial	Velocity			[km
/s]	 Perp		Plane	

Run	VisualizaPon:	Unstable	Case	(Bp	frac	0.8)	



•  We	have	a	developed	a	producPon	ready	version	of	the	TDm	Designer	
interface	for	CME	generaPon.	

•  The	webapp	gets	you	from	map	selecPon	all	the	way	to	run	
generaPon,	and	has	save/load	funcPonality.	

•  Just	pass	the	output	to	the	main	CORHEL-CG	script	and	it	will	launch	a	
batch	MPI	job.	

•  The	automaPc	diagnosPcs/movies	are	made	in	the	same	job,	placed	in	
a	self	contained	archive	with	all	the	.html	for	viewing	inside.	

•  We	have	delivered	the	interface	to	CCMC.	

Next	Steps?:	
–  Make	CCMC	version	of	TDm	Designer	/	CORHEL-CG	live.	
–  Use	TDm	interface	to	power	thermodynamic	MHD	runs	[end	goal].	

•  Once	you	like	a	zero-beta	soluPon,	can	try	it	in	the	full	physics	model	
•  This	is	much	more	computaPonally	intensive,	and	requires	new	techniques	to	make	

feasible	(run-remeshing/interpolaPon,	Pme-dependent	background]	

Summary	/	Next	Steps	



Extra	Slides	



•  OpPmize	zero-β	mesh	for	speed.	
–  Modest	resoluPon	for	selected	AR	region	(defualt	ds	=	0.004	Rs	=	3Mm)	.	
–  Finer	resoluPon	in	rope	region	only,	set	by	the	minor	radius:	ds=a/10.	
–  Mesh	spacing	grows	exponenPally	outside	region	of	interest.	

•  Run	Pme	controlled	by	Alfvén	Pmescale	for	the	region.	
–  10x	Alfvén	crossing	Pmes	for	the	FR	length	(before	inserPon).	
–  Could	probably	go	lower,	usually	its	clear	if	stable/non-stable.	

•  This	run	was	137x184x234	and	took	~10min	on	140	cores	
–  Scales	to	~1hr	20min	on	24	cores.	
–  This	is	already	fast,	but	we	are	exploring	GPU	opPmizaPon	so	that	rapid	

(<20	min)	runs	can	be	done	on	a	local	workstaPon.	
–  Could	probably	coarsen	things	as	well	(more	tesPng	needed).	

Run	OpPmizaPon	



TD	Flux	Rope	

-  AnalyPc	model	or	circular	flux	rope	as	current	carrying	ring	+	axial	field	

-  Know	the	hoop	force	of	flux	rope	

-  This	force	is	balanced	by	a	strapping	field	

Strapping	force	from	charges	

Outward	force	of	the	Rope	

Titov	&	Démoulin	1999	



TDm	Flux	Rope	

-  Complete	expression	for	rope	vector	potenPals	given	in	Titov	et.	al	2014.	

-  Two	types	of	volumetric	current	profiles	considered	(hollow	core,	parabolic)	

-  This	model	is	implemented	in	the	MAS	code	and	can	be	inserted	into	any	configuraPon	

Outward	force	of	the	Rope	

Strapping	force	from	charges	

Instead	you	can	use	
the	arcade	of	the	AR	
you	want	to	study	

Titov	et	al.	2014	


